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ABSTRACT 

Highlights of the presentations and discussions are: 

1. Grumman recommends that the mission be planned with 
two shipsets of propellant, and that the rendezvous profile be 
the hybrid stable orbit profile, 

2. Automatic station keeping is expected to require a 
Av capability of about 15 fps per orbit, 

3 .  All contractors recommend non-orthogonal indexing of 
the ZM to the GWS,  

4. Grumman and North American Rockwell recommend that 
the command link between the CM and LM/ATM use PSK coding scheme. 
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MEMORANDUM FOR FILE 

I n t r o d u c t i o n  

P r e s e n t a t i o n s  were g i v e n  by Grumman, McDonnell Douglas ,  
Nor th  American Rockwell ,  and MIT. I m p o r t a n t  c o n c l u s i o n s  of t h e  
c o n t r a c t o r s  and s t u d y  d i r e c t i o n s  o f  MSC are summarized below. A 
comple te  s e t  of t h e  p r e s e n t a t i o n s  i s  a v a i l a b l e  t h r o u g h  t h e  a u t h o r .  

Rendezvous P r o f i l e / P r o p e l l a n t  Requirements  

Grumman recommends t h a t  t h e  AAP-4  m i s s i o n  be p l a n n e d  

s t u d i e s  which i n d i c a t e  t h a t  t h e  minimum p r o p e l l a n t  r e q u i r e m e n t  
f o r  t h e  h y b r i d  s t a b l e  o r b i t  p r o f i l e  w i t h  3a e r r o r s  exceeds  one 
s h i p s e t .  The f i g u r e s  are  as f o l l o w s :  

w i t h  two s h i p s e t s  of  p r o p e l l a n t .  rnL l l l ~ s  < i s  based  upon s i m u l a t i o n  

Nominal P r o p e l l a n t  Requirements  2 4 2 . 3  l b s .  

A d d i t i o n a l  Requirements  due t o  3a E r r o r s  2 5 2 . 4  l b s .  

T o t a l  Requi rements  ( f o r  3a e r r o r s )  494 .7  l b s .  

Minimum A v a i l a b l e  P r o p e l l a n t  (one  s h i p s e t )  490  lbs. 

T h i s  i n c l u d e s  r e q u i r e m e n t s  from s e p a r a t i o n  t h r o u g h  dock ing ,  b u t  
does  n o t  i n c l u d e  p r o p e l l a n t  r e q u i r e d  f o r  s t a t i o n  k e e p i n g .  

Grumman t h e n  recommended t h a t  t h e  AAP-4 r endezvous  pro-  
f i l e  be t h e  h y b r i d  s t a b l e  o r b i t  p r o f i l e  w i t h  t h e  LM/ATM i n s e r t e d  
50 nm ahead o f  t h e  OWS. Rendezvous would t h e n  c o n s i s t  o f  a 360 
d e g r e e  t r a n s f e r  t o  a p o i n t  1 0  nm ahead o f  t h e  OWS f o l l o w e d  by a 
240 d e g r e e  t e r m i n a l  phase  t r a n s f e r .  
f o r  t h i s  p r o f i l e  are as f o l l o w s :  

The p r o p e l l a n t  r e q u i r e m e n t s  

Nominal P r o p e l l a n t  Requirements  270.5 l b s .  

A d d i t i o n a l  Requi rements  due t o  3a Errors 2 5 1 . 2  l b s .  

T o t a l  Requi rements  ( f o r  30 e r r o r s )  521.7 l b s .  

Minimum A v a i l a b l e  Propel lan t  ( two s h i p m e n t s )  977 .2  l b s .  
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These r e q u i r e m e n t s  do  n o t  i n c l u d e  s t a t i o n  k e e p i n g ,  b u t  455.5 l b s  
o f  p r o p e l l a n t  are  a v a i l a b l e  f o r  t h i s  f u n c t i o n .  

Automatic  S t a t i o n  Keeping 

Accuracy of  t h e  rendezvous  radar  f o r  t h e  r a n g e  r e q u i r e d  
d u r i n g  a u t o m a t i c  s t a t i o n  keep ing  o f  t h e  LM/ATM s t i l l  i s  unce r -  
t a i n .  MSC d i r e c t e d  MIT t o  examine t h e  radar  s p e c i f i c a t i o n s  and 
t o  d e t e r m i n e  i f  an  e r r o r  model f o r  r a n g e s  i n  t h e  o r d e r  o f  1000  
f e e t  now e x i s t s .  If models d o  n o t  e x i s t  t h e n  MIT i s  t o  s p e c i f y  
what i n f o r m a t i o n  i s  r e q u i r e d  i n  o r d e r  t o  d e v e l o p  a model.  MIT 
i s  t o  a l s o  make recommendations as to what t y p e s  of f i l t e r i n g  and 
e s t i m a t i o n  models s h o u l d  b e  used w i t h  t h e  radar data d u r i n g  
s t a t i o n  k e e p i n g .  The u s e  of radar data a t  t h e  c l o s e r  r a n g e s  
r e q u i r e d  f o r  a u t o m a t i c  s t a t i o n  k e e p i n g  i s  e x p e c t e d  t o  be d i f f e r e n t  
from t h e  p r e s e n t  Apol lo  program. 

Grumman s t u d i e s  have conf i rmed  t h e  McDonnell Douglas 
s t u d y  c o n c e r n i n g  p r o p e l l a n t  r e q u i r e m e n t s  f o r  a u t o m a t i c  s t a t i o n  
k e e p i n g  as a f u n c t i o n  of' r e l a t ive  v e l o c i t y  u n c e r t a i n t y .  For 
v e l o c i t y  u n c e r t a i n t y  l ess  t h a n  1 . 0  f p s ,  l ess  p r o p e l l a n t  i s  r e q u i r e d  
t o  s t a t i o n  keep behind  t h e  OWS;  however,  f o r  u n c e r t a i n t y  g r e a t e r  than 
1 . 0  f p s  l e s s  p r o p e l l a n t  i s  r e q u i r e d  t o  s t a t i o n  keep above t h e  OWS. 
For v e l o c i t y  u n c e r t a i n t y  o f  a p p r o x i m a t e l y  1 . 0  f p s ,  t h e  r e q u i r e d  
Av p e r  o r b i t  i s  a b o u t  1 5  f p s  f o r  a u t o m a t i c  s t a t i o n  k e e p i n g  e i t h e r  
above or beh ind  t h e  OWS. 

CM/OWS I n d e x i n g  - RR Transponder  L o c a t i o n  

Grumman, Nor th  American Rockwell  and McDonnell Douglas  
a l l  made recommendations conce rn ing  CM i n d e x i n g  f o r  dock ing  t o  
t h e  OWS and rendezvous  radar t r a n s p o n d e r  cove rage .  A l l  recommended 
non-o r thogona l  i n d e x i n g  o f  t h e  CM t o  t h e  OWS r e g a r d l e s s  o f  whether 
t h e  t r a n s p o n d e r  i s  as i t  now e x i s t s ,  i s  r e l o c a t e d  or s p h e r i c a l  
cove rage  p r o v i d e d .  Each c o n t r a c t o r  gave t h e  a d v a n t a g e s  and d i s -  
a d v a n t a g e s  o f  t h e i r  recommendation. Nor th  American a l s o  d i s c u s s e d  
t h e  a d d i t i o n  o f  a second t r a n s p o n d e r  a n t e n n a  t o  t h e  CM/SM, w i t h  
a s e l e c t  s w i t c h  t o  a c t i v a t e  t h e  d e s i r e d  t r a n s p o n d e r  a n t e n n a .  

LM/ATM Manual Remote Rendezvous 

MSC d i r e c t e d  North American Rockwell  t o  i n v e s t i g a t e  
remote  c o n t r o l  o f  t h e  LM/ATM rendezvous  f o r  t h e  c a s e  o f  r endezvous  
radar f a i l u r e .  Nor th  American i s  t o  assume t h a t  MSFN c o n t r o l s  the 
LM t h r o u g h  T P I  and i s  able t o  t r a n s m i t  t h e  LM s t a t e  v e c t o r  t o  t h e  
CM a f t e r  T P I .  The CM crew would u s e  t h e  remote  command l i n k  and  
would have o n l y  SXT and UHF r a n g i n g  measurements ,  b u t  would n o t  be  
a b l e  t o  n a v i g a t e  t h e  LM s t a t e  v e c t o r  t h r o u g h  any o f  t h e  s u c c e e d i n g  
b u r n s .  Nor th  American i s  t o  i n v e s t i g a t e  b o t h  Lamber t  g u i d a n c e  
and  g u i d a n c e  c o n t r o l l i n g  LOS r a t e  and r a n g e  ra te .  
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CM/OWS Rendezvous 

MSC d i r e c t e d  Nor th  American t o  b e g i n  i n v e s t i g a t i n g  
MSC a l s o  asked MIT t o  i n v e s -  CM-SM rendezvous  w i t h  t h e  OWS. 

t i g a t e  I M U  g imbal  l o c k  problems which might  e x i s t  i f  t h e  CM 
i s  docked t o  t h e  OWS from normal  to t h e  o r b i t a l  p l a n e .  MSC 
would p r e f e r  n o t  r e a l i g n i n g  t h e  I M U  f o r  dock ing .  
f o r  s l e w i n g  o f  t h e  i n n e r  g imbal  i s  p r e s e n t l y  b e i n g  implemented 
i n t o  t h e  Apol lo  program, and MSC wants  t o  know i f  t h i s  c a p a b i l i t y  
would aid i n  t h e  AAP-3 rendezvous  and dock ing  problem. 

Remote C o n t r o l  Communication Link 

C a p a b i l i t y  

Grumman t e s t s  i n d i c a t e  t h a t  PSK data  t r a n s m i s s i o n  
v i a  c l i p p e d  VHF A M  has a h i g h  b i t  e r r o r  r a t e  and i s  u n a c c e p t a b l e .  
The problem i s  t h a t  knowledge o f  z e r o  c r o s s i n g s  cannot  be  main- 
t a i n e d  i n  t h e  r e c e i v i n g  equipment .  

Both Grumman and North American recommend t h a t  t h e  
command l i n k  u s e  a PSK cod ing  scheme as i s  p r e s e n t l y  used  i n  
Apol lo  LM f o r  t h e  S-band u p l i n k  commands. MSC d i r e c t e d  b o t h  
c o n t r a c t o r s  t o  i n v e s t i g a t e  synchronous vs  asynchronous  s i g n a l  
t r a n s m i s s i o n .  

LM/ATM Remote C o n t r o l l e d  Docking 

McDonnell Douglas i s  e s t a b l i s h i n g  a n  a n a l o g u e ,  man- 
i n - t h e - l o o p  s i m u l a t o r  f o r  i n v e s t i g a t i n g  dock ing  o f  the  LM/ATM 
t o  t h e  OWS. It  i s  a n t i c i p a t e d  t h a t  t h e  s i m u l a t o r  w i l l  b e  com- 
p l e t e  w i t h i n  two weeks.  

1 0  2 5- C O G - l l i  
e. @- &+ 1- 
C .  0 .  Guff 


